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DP-NGPE 1,2-dipalmitoyl-sn-glycero-3phosphoethanolamine-N-
(glutaryl) (sodium salt)  
ECIS Electrical cell-substrate impedance sensors  
ECM Extracellular matrix 
E-coli  Escherichia coli 
EDC 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride 
EDTA  Ethylenediaminetetraacetic acid 






FBS Fetal bovine serum 
G418 Geneticin 
gA5XB biotinylated gramicidin  
gAYYSSBn  tethered gramicidin 
GDPE glycerodiphytanylether 
Gln  Glutamine amino acid 
Glu  Glutamic acid amino acid 
Gly  Glycine amino acid 
Gm Membrane conduction 
GNPs gold nanoparticles 
GNUs gold nano urchins 
GRGDS Glycine-arginine–glycine–aspartic acid-serotonin (GLY-
ARG-GLY-ASP-SER)  
Hz Hertz  
I Current  
ICS Ion-channel switch 
IKVAV Ile-Lys-Val-Ala-Val  
K Kilo 
laser  light amplified stimulated emission of radiation 
LB lysogeny broth 
Leu Leucine amino acid 
Lys  Lysine amino acid 
M  Molar 
mg  Milligram 
ml  milli-Litre 
MLP  Mobile lipid phase 
mM  milli-Molar 
MSLa Biotinylated tethered membrane-spanning lipid 
MTSDDL Met-Thr-Ser-Asp-Asp-Leu (Methionine-Threonine-
Serine-Aspartate-Aspartate-Leucine) 
mV  Millivolt 
MΩ Megaohm 




NNEN Asn-Asn-Glu-Asn (Asparagine Asparagine Glutamate 
Asparagine) 
NR  Neutron Reflectivity 
ºC  Degree Celsius 
OEG Oligo ethylene glycol  
OmpF Outer membrane protein 
PBS  Phosphate buffered saline 





PE  Phosphotidylethanolamine 




POEGA  Poly(oligoethylene glycol) acrylate 
POPC  1-palmitoyl-2-oleoyl-sn-glycero-3-phosphatidylcholine 
POPE  1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphatidylethanolamine 
PS  Phosphatidylserine 
Q  Momentum transfer 
QCM  Quartz Crystal Microbalance 
R Resistance   
RGD Arginine–glycine–aspartic acid (Arg-Gly-Asp) 
Rm  Resistance 
RYD Arginine–tyrosine –aspartic acid (Arg-Tyr-Asp) 
SAMs Self-assembled monolayers  
SAMs self-assembled monolayers 
Ser  Serine amino acid 
SFM serum-free medium 
SH-SY5Y Neuroblastoma cell line 
SiO2 Silicon dioxide 
SLB Supported lipid bilayer  
SLD  Scattering Length Density 
SPR  Surface Plasmon Resonance 
t Time   
T10 10 percent of tethering molecules 
T100 fully tether molecules percentage 
TAT GRKKRRQRRRPQ 
tBLM Tethered  bilayer membrane  
TEG Triethylene glycol 
Triton-X100  Octylphenyl-nonaoxyethylene 
Trp  Tryptophan amino acid 
Tyr  Tyrosine amino acid 
UV  Ultraviolet 
V Voltage  
Val  Valine amino acid 
YIGSR Tyr–Ile–Gly–Ser–Arg  
Z  Impedance 
|Z| The magnitude of the impedance 
ΔA  Percentage surface area expansion 
θ Phase  
λ  Wavelength 





μl  micro-Litre 
μM  Micromolar 
μS  Microsiemens 
σ  Roughness 



















The ability to combine both a functional sensing and signalling membrane-electrode 
interface system is crucial for developing new technologies that can directly connect the 
living biosphere with electrical devices. However, there is a considerable distinction 
between both the chemical and biomechanical properties of live cell membranes versus 
synthetic electrical prostheses, thus there remain significant challenges that must be 
overcome in order to establish stable and functionally predictable interactions between 
these different components. The sparsely tethered bilayer lipid membrane possesses the 
necessary skeleton onto which novel chemistries can be added in order to succeed in the 
first iteration of correctly integrating electronic coupling with biological tissue. 
This dissertation presents an investigation into controlling the ionic and the electronic 
interface and then detecting ion fluxes arising from nearby biologically active cells at the 
nanometer scale, by using the detectable electrical signals derived from interfacing of 
membranes with a gold electrode. In it, the feasibility of implementing tBLMs as either 
an interface between biological systems and electrical devices or for continual sensing in 
real-time or for diagnostic purposes is investigated.  
Commencing is a comprehensive review of variant artificial lipid membrane models and 
the impedance spectroscopy approach (Chapter 1). A demonstration of the intimate 
nanoscale contacts of cells with the surface of the electrode is presented in Chapter 2. The 
aim of this study was to examine the feasibility of applying tBLMs in bio-implantable 
devices to offer specific transmission of electrical signals to individual target neurons to 
improve signal fidelity. This was to be achieved by reducing leakage pathways, thereby 





medium. Chapter 3 describes how, instead of using the lipid membrane-covered 
electrodes to signal to cells, the electrode might be used to as a nano-biosensor for cell 
detection. Various approaches to increase sensitivity were explored to enhance this 
capability. The necessity for detection at the nanometer scale is explored in Chapter 4, 
recording in real-time the laser-generated heat pulses arising from laser-illuminated gold 
nanoparticles. Detection of these heat pulses required attachment of the gold 
nanoparticles to the membrane surface, while non-specific binding of gold nanoparticles 
failed to elicit a measurable response.  
Conclusions and perspectives are presented in Chapter 5, sum up of the significant 
achievements presented in this dissertation, which has focused on extending our 
understanding of cell membrane interactions and exploring the feasibility of using these 
across a range of applications. 
